the need to properly assess and manage the HRQoL of thyroid cancer patients. However, to improve the HRQoL of these patients, it is first necessary to understand the major determinants affecting the HRQoL of thyroid cancer survivors, and then accurately assess that quality. To date, relatively few studies have assessed the HRQoL of thyroid cancer survivors, and no validated questionnaire has been developed that specifically assesses thyroid cancer-specific HRQoL among Korean thyroid cancer survivors.
Thus, we conducted this study to translate and validate the Korean version of the thyroid cancer-specific quality of life (THYCA-QoL) questionnaire that was developed in 2013 [5] . The original version of the THYCA-QoL questionnaire was designed to assess thyroid cancer-specific aspects of HRQoL that were not sufficiently addressed in the more general European Organization for Research and Treatment of Cancer QLQ-C30 (EORTC QLQ-C30) questionnaire [6] .
METHODS

Study sample
The subjects included in this cross-sectional study were recruited at the outpatient clinic of the thyroid cancer center at a university medical center in Korea from June 2014 to October 2014. All subjects were aged ≥18 years, had received a pathological diagnosis of cancer following surgical treatment, and were not currently receiving anticancer treatment. All enrolled subjects were asked to independently complete written questionnaires at the outpatient clinic. Information regarding each subject's demographic and clinical characteristics (e.g., cancer stage at diagnosis, pathologic type, and type of treatment) was obtained from the hospital cancer registry. This study was conducted according to the recommendations of the Declaration of Helsinki, and was approved by Institutional Review Board at a university medical center. Signed, written informed consent was obtained from each participant.
Study design
The module validation process included three major phases. The first phase involved translating the original version of the THYCA-QoL [5] questionnaire into Korean using "forward and backward" translation guidelines developed by the EORTC QoL study group [7] . The two initial forward translations were conducted independently by two translators who were native Korean speakers fluent in English. The third independent coordinator then merged the two translated versions into one reconciled forward translation where there was agreement bet ween the two forward translations. Differences existed between the two forward translations on some items, requiring discussion for resolution, but those differences were trivial, and they soon reached agreement without necessitating further backward translation. During the translation process, several questions in the module were identified as being equivalent to items in the previous EORTC Item Bank [8] , and were thus adapted for inclusion in the new questionnaire to provide comparability of data. The translated module was then assessed and revised by an expert committee until a consensus was reached. In the second phase, the resultant new questionnaire was pilot-tested with 18 thyroid cancer survivors to perceive and solve potential translation problems related to wording and the clarity of items. This process was done in accordance with QoL questionnaire guidelines developed by the European Organization for Research and Treatment of Cancer [9] . In the final phase, the questionnaire was field tested by being administered to Korean patients for purposes of assessing its psychometric properties and ensuring its reliability and validity. During this final phase, a cohort of thyroid cancer survivors was asked to complete surveys that included the THYCAQoL questionnaire as well as five other previously validated assessment tools. The scoring procedure involved a linear transformation of raw scores to a scale of 0-100, as outlined in the EORTC QLQ C-30 scoring guidelines [10] .
Study measures
THYCA-QoL questionnaire The original version of the THYCA-QoL is a 24-item thyroid cancer-specific questionnaire for assessing the HRQoL of thyroid cancer survivors, developed according to the methodology of the EORTC guideline [9] . The questionnaire incorporates seven multi-item scales (neuromuscular, voice, concentration, sympathetic, throat/mouth, psychological, and sensory problems) and six single items (problems with scar, felt chilly, tingling hands/feet, gained weight, headaches, and interest in sex) [4, 5] . The questionnaire has a specific time frame (one week for all items, except for four weeks for the sexuality item), and each item is rated on a four-point Likert scale, ranging from 1 ("not at all") to 4 ("very much"). A higher score on the symptom scale represents more complaints.
Korean version of EORTC QLQ-C30
The EORTC QLQ-C30 is a 30-item core cancer quality of life questionnaire [6, 11] . The questionnaire includes both multi-item scales and single-item measures, consisting of five functional scales, three symptom scales, a global health status/ QoL scale, and six single items. With the exception of the global QOL scale, all items adapt four-point response scales, ranging from 1 to 4 (response categories: "not at all," "a little," "quite a bit," and "very much"). The global QoL scale adapts a modified seven-point linear analog scale, ranging from 1 "very poor" to 7, "excellent". A high score for the functional scale or the global QoL scale represents a healthy level of functionality or high QoL, whereas a high score for a symptom scale/item represents a high level of symptomatology. The Korean version of the EORTC QLQ-C30 (version 3.0) was validated by the EORTC QoL Study Group [6] .
Korean version of Brief Fatigue Inventory BFI-K, the validated Korean version of Brief Fatigue Inventory, is a nine-item questionnaire assessing fatigue in cancer patients, which measures fatigue severity and interference with life activities over the previous 24 hours [12] . BFI assesses fatigue severity by asking patients to describe their fatigue in three severity categories (worst fatigue, usual fatigue, and current fatigue), with each response scale ranging from "0" ("no fatigue") to "10" ("fatigue as bad as you can imagine"). BFI evaluates fatigue interference by asking patients the extent to which their fatigue interferes with aspects of their lives in six categories (general activities, mood, walking, normal work, relations with other people, and their enjoyment of life), with each response scale ranging from "0" ("does not interfere") to "10" ("completely interferes"). Each composite fatigue severity score and composite fatigue interference score is calculated as the average of the three severity items and the six interference items, respectively.
Korean version of Brief Encounter Psychosocial Instrument BEPSI-K, the validated Korean version of Brief Encounter
Psychosocial Instrument, is a five-item questionnaire designed to measure stress levels [13, 14] . The questionnaire is rated on a five-point Likert scale, and BEPSI-K score is calculated as the average of the five items. A BEPSI-K score of more than 2.2 is defined as a high stress level, and a higher score indicates greater stress.
Goldberg short screening scale for Anxiety and Depression Goldberg short screening scale is an 18-item questionnaire (nine on the anxiety scale and nine on the depression scale) developed for screening anxiety and depression in a general medical setting [15, 16] . The validity and reliability of the Korean version has been established.
Nine-item Patient Health Questionnaires
The PHQ-9 is a nine-item questionnaire developed for depression screening in primary care settings, and each item has score ranging from 0 to 3 (leading to a maximum score of 27) [17] . A simple additive score PHQ-9 of 10 or greater identifies mild major depression, a score of 15 or greater identifies moderate major depression, and a score of 20 or greater identifies severe major depression.
Statistical analyses
Demographic and clinical data were analyzed using descriptive statistical methods. The reliability of the THYCA-QoL questionnaire was assessed by determining its Cronbach α coefficient, which measures the internal consistency of responses. [5, 6, 18, 19] A multitrait scaling analysis was performed to confirm the questionnaire's scale structure, and assess its item convergence and discrimination validity [5, 6, 20] . The convergent validity for each scale was assessed by determining the correlation between each item and its own scale, whereas discriminant validity was assessed by evaluating the correlation between each item and other scales [20] . The validity of the questionnaire was assessed by determining the Pearson correlation coefficient between the THYCA-QoL questionnaire and each of the other five aforementioned questionnaires [5, 6, 18] . All the statistical analyses were performed using IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA). P-values <0.05 (twosided tests) were considered statistically significant. 
RESULTS
Patient demographic and clinical characteristics
A total of 227 thyroid cancer survivors completed the questionnaire, and all of the requested information was provided. Baseline characteristics for the study participants are described in Table 1 . The thyroid cancer patients had a mean age of 45.0 years (range, 18-77 years), and 82.8% were female. The study participants had received a pathological diagnosis of cancer. The most common stage of cancer at diagnosis was stage I (74.4%), and all patients had undergone surgical treatment.
Reliability
The Cronbach α coefficients for multi-item scales ranged from 0.54 (sensory) to 0.82 (psychological) ( Table 2 ). Four of the seven multi-item scales ("concentration," "sympathetic," "throat/ mouth," and "psychological") scored higher than 0.70, which is the commonly accepted minimum standard level of reliability [5, 6, 18, 19] . However, the coefficients of three other multi-item scales ("neuromuscular," "voice," and "sensory") were relatively low (0.64, 0.65, and 0.54, respectively).
Validity
A multitrait scaling analysis performed to assess item convergence and discrimination validity showed that all itemscale correlations were >0.40, and the correlation of each item with its own scale was greater than its correlation with other scales, with no scaling errors ( Table 2 ). Validity was assessed by determining the Pearson correlation coefficients for scales in the THYCA-QoL questionnaire with scales in the EORTC QLQ C30, and the results are shown in Table 3 . With the exception of one item (sexual interest), all scales in the THYCA-QoL questionnaire showed statistically significant correlations with all subscales in the EORTC QLQ-C30. The "psychological" and "concentration" scales in the THYCA-QoL questionnaire were highly correlated with the "emotional functioning" and "cognitive functioning" scales in the EORTC QLQ C-30 (correlation coefficients: r > 0.60; P < 0.01) [5, 21, 22] . The "neuromuscular," "concentration," and "psychological" scales in the THYCA-QoL questionnaire were all moderately correlated with the "physical functioning," "role functioning," "fatigue," "nausea/vomiting," "pain," "dyspnea," and "sleep/insomnia" Single-item scales. Single-item scales.
scales in the EORTC QLC C-30 (correlation coefficients: 0.40 < r < 0.60, P < 0.01) [5, 21, 22] . The Pearson correlation coefficients for scales in the THYCA-QoL questionnaire with scales in the BFI-K, BEPSI-K, Goldberg scale, and PHQ-9 are shown in Table 4 . Similar to their correlations with the EORTC QLQ-C30, most of the scales in the THYCA-QoL questionnaire (with the exception of the sexual interest scale) were significantly correlated with scales in the BFI-K, BEPSI-K, Goldberg scale, and the PHQ [21, 22] . The "psychological" and "neuromuscular" scales in the THYCAQoL questionnaire showed moderate to high correlations with scales in the BEPSI and PHQ-9, and the "concentration" and "throat/mouth" scales showed moderate correlations with scales in those assessment tools. The resulting questionnaire, consisting of 24 items, was named the Korean version of the THYCA-QoL (Supplementary material).
DISCUSSION
This study was designed to assess psychometric properties for the validation of the Korean version of the THYCA-QoL questionnaire. Our statistical analyses confirmed that the internal consistencies of its four multi-item scales were sufficiently high to satisfy the recommended psychometric criterion for reliability [18, 19] . Considering that internal consistency is defined as a measure of the extent to which items in a questionnaire subscale are correlated [19] , the relatively low reliability scores of the three other multi-item scales ("neuromuscular," "voice," and "sensory") may reflect the limited variability of the items in those scales.
Each item's convergent and discriminant validity was confirmed in the multitrait scaling analysis with no scaling errors, and these results confirmed the hypothesized scale structure of the Korean version of the THYCA-QoL questionnaire. The validity of the new questionnaire was proven in comparisons conducted with other known assessment tools. With the single exception of the sexual interest scale, the majority of THYCA-QoL scales showed moderately strong correlations with other measures. Additionally, all of the observed correlations were in the expected direction, suggesting that the various questionnaires broadly measured the same traits.
Although the present study demonstrates the validity and reliability of the translated version of the THYCA-QoL questionnaire, certain limitations should be acknowledged. First, the results of the reliability analysis revealed suboptimal values for the "neuromuscular," "voice," and "sensory" subscales (0.64, 0.65, and 0.54, respectively). Those values are considered to be close to the recommended psychometric criterion for reliability [18, 19] , as some references consider a Cronbach α value of >0.6 acceptable [23] . Given that Cronbach α coefficient is a measure of the internal consistency of items in a composite scale, potential item irrelevance may have led to lower scale reliability [24, 25] . The "sensory" scale yielded the lowest reliability estimate (0.54), and two items from the "sensory" scale, each assessing skin and eye problems, were likely internally inconsistent, because they were not necessarily highly correlated. These two items did examine important aspects of sensory symptoms, however, and the low reliability estimate therefore does not necessarily indicate poor scale construction from this aspect. This was also noted in the original version of the questionnaire [5] . The researchers agreed to preserve the scale structure of the original version despite the suboptimal reliability of these scales, because those items were considered clinically relevant by thyroid cancer survivors and healthcare providers during the development of the new questionnaire. Clinical relevance needs to be considered along with psychometric properties when developing a health measurement scale [26] , and therefore, the questionnaire's construction is justifiable from this perspective. Moreover, the study population was not representative of most thyroid cancer survivors, as the majority of participants were female (82.8%) and pathologically diagnosed as early stage (stage I for 74.4% of the cases) papillary thyroid cancer (97.8%) or follicular thyroid cancer (2.2%). It is unknown whether the biased study sample affected our findings regarding the reliability and validity of the questionnaire. Therefore, further studies should be conducted with patients having symptoms of advanced-stage thyroid cancer or with a different tumor type, such as anaplastic or medullary thyroid cancer.
The present study is not without limitations, but it is worthwhile to address the value of the Korean version of the questionnaire as a measurement tool. In addition to its satisfactory measurement properties, the questionnaire proved to be very accessible. The pilot study confirmed that the translated questionnaire contained no ambiguous or difficult items, and the resultant questionnaire was easily understood by participants, resulting in a high response rate and low levels of missing data in this clinical study. These outcomes imply that despite the cultural and language differences, the translated questionnaire was well adapted, and may be applicable for use with Korean-speaking thyroid cancer survivors. Another strength of this study is its use of various relevant measures in the known-measure comparisons, as it increased the comparability of data when assessing the questionnaire's validity.
As the original THYCA-QoL questionnaire was developed in Europe, this study was designed to determine whether the newly translated Korean version is appropriate for use with Korean cancer survivors. In conclusion, the new questionnaire was found to be reliable, valid, and suitable for use in primary care settings for measuring the HRQoL of Korean-speaking thyroid cancer survivors.
